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D.escription 

BACKGROUND OF THE INVENTION 

5 [0001] This invention relates to sample preparation devices having snnall dimensions for facilitating the efficient prep- 
aration of microvolume test samples, e.g., of whole blood, for the determination and/or processing of analytes present 
therein. The present invention also relates to test systems including such devices, together with devices of similar 
dimensions which are designed, for example, to perform various assay protocols as well as analyses involving ampli- 
fication of pre-selected polynucleotides, such as polymerase chain reaction (PGR). 

10 [0002] In recent decades the art has developed a large number of protocols, test kits, and devices for conducting 
analyses on biological samples for various diagnostic and monitoring purposes. Immunoassays, immunometric assays, 
agglutination assays, analyses involving polynucleotide amplification reactions, various ligand-receptor interactions, 
and differential migration of species In a complex sample all have been used to determine the presence or quantity of 
various biological molecules or contaminants, or the presence of particular cell types. 

15 [0003] Recently, small, disposable devices have been developed for handling biological samples and for conducting 
certain clinical tests. Shoji et al, reported the use of a miniature blood gas analyzer fabricated on a silicon wafer. Shoji 
et al., Sensors and Actuators, 15: 101-107 (1988). Sato et al. reported a ceil fusion technique using micromechanical 
silicon devices. Sato et al., Sensors and Actuators, A21-A23 : 948-953 (1990). Ciba Corning Diagnostics Corp. (USA) 
has manufactured a microprocessor-controlled laser photometer for detecting blood clotting. 

20 [0004] Micromachining technology originated in the microelectronics industry. Angell et al., Scientific American, 248 : 
44-55 (1983). Micromachining technology has enabled the manufacture of microengineered devices having structural 
elements with minute dimensions, ranging from tens of microns (the dimensions of biological cells) to nanometers (the 
dimensions of some biological macromolecules). Most experiments reported to date involving such small structures 
have involved studies of micromechanics, i.e.. mechanical motion and flow properties. The potential capability of such 

25 devices has not been exploited fully in the life sciences. 

[0005] Brunette (Exper. Cell Res., 167: 203-217 (1986) and 164: 11-26 (1986)) studied the behavior of fibroblasts 
and epithelial cells in grooves in silicon, titanium-coated polymers and the like. McCartney et al. (Cancer Res., 41: 
3046-3051 (1981)) examined the behavior of tumor cells in grooved plastic substrates, LaCelle (Blood Cells, ^2;. 
179-189 (1986)) studied leukocyte and erythrocyte flow in microcapillaries to gain insight into micro-circulation. Hung 

30 and Weissman reported a study of fluid dynamics in micromachined channels, but did not produce data associated 
with an analytical device. Hung et al., Med. and Biol. Engineering, 9: 237-245 (1971); and Weissman et al., Am. Inst. 
Chem. Eng. J., 17: 25-30 (1971). Columbus et al. utilized a sandwich composed of two orthogonally orientated v- 
grooved embossed sheets in the control of capillary flow of biological fluids to discrete ion-selective electrodes in an 
experimental multi-channel test device. Columbus et al., Clin. Chem., 33: 1 531-1 537 (1987). Masuda et al. and Washizu 

35 et al. have reported the use of a fluid flow chamber for the manipulation of cells (e.g., cell fusion). Masuda et al.. 
Proceedings IEEE/IAS Meeting, pp. 1549-1553 (1987); and Washizu et al., Proceedings IEEE/IAS Meeting, pp. 
1735-1740 (1988). The art has not fully explored the potential of using microengineered devices for the determination 
of analytes in fluid samples, particularly in the area of biological analyses. 

[0006] Biological analyses utilizing polynucleotide amplification techniques are well known (See e.g., Manlatis et al., 
40 Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 1989, pp. 14.1-14.35). One such tech- 
nique is PCR amplification, which can be performed on a DNA template using a thermostable DNA polymerase, e.g., 
Taq DNA polymerase (Chien et al., J. Bacteriol., 127 : 1550 (1976)), nucleoside triphosphates, and two oligonucleotides 
with different sequences, complementary to sequences that lie on opposite strands of the template DNA and which 
flank the segment of DNA that is to be amplified ("primers"). The reaction components are cycled between a higher 
45 temperature (e.g., 94® C) for dehybridizing double stranded template DNA, followed by lower temperatures (e.g., 65°C) 
for annealing and polymerization. A repeated reaction cycle between dehybridization, annealing and polymerization 
temperatures provides approximately exponential amplification of the template DNA. Machines for performing auto- 
mated PCR chain reactions using a thermal cycler are available (Perkin Elmer Corp.) 

[0007] PCR amplification has been applied to the diagnosis of genetic disorders (Engeike et al., Proc. Natl. Acad. 

50 Sci., 85: 544 (1988), the detection of nucleic acid sequences of pathogenic organisms In clinical samples (Ou et al.. 
Science. 239: 295 (1 988)), the genetic identification of forensic samples, e.g., sperm (Li et al., Nature, 335: 414 (1988)), 
the analysis of mutations in activated oncogenes (Farr et al.. Proc. Natl. Acad. Sci., 85: 1629 (1988)) and in many 
aspects of molecular cloning (Oste, BioTechniques. 6: 162 (1988)). PCR assays can be used in a wide range of ap- 
plications such as the generation of specific sequences of cloned doublestranded DNA for use as probes, the generation 

55 of probes specific for uncloned genes by selective amplification of particular segments of cDNA, the generation of 
libraries of cDNA from small amounts of mRNA. the generation of large amounts of DNA for sequencing, and the 
analysis of mutations. There is a need for convenient, rapid systems for performing polynucleotide amplification, which 
may be used clinically in a wide range of potential applications in clinical tests such as tests for paternity, and for genetic 
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apd infectious diseases. 

[0008] Current analytical techniques utilized for the determination of microorganisms are rarely automated, usually 
require incubation In a suitable medium to increase the number of organisms, and generally employ visual and/or 
chemical methods to Identify the strain or sub-species of Interest. The inherent delay in such methods frequently ne- 
5 cessitates medical intervention prior to definitive identification of the nature of an infection. In industrial, public health 
or clinical environments, such delays may have unfortunate consequences. There is a need for convenient systems 
for the rapid detection of microorganisms. 

[0009] It Is an object of the present invention to provide sample preparation devices for use with related analytical 
devices which enable rapid and efficient analysis of sample fluids, based on very small volumes, and determination of 

10 substances present therein at very low concentrations. Another object Is to provide easily mass produced, disposable, 
small (e.g., less than 1 cc In volume) devices having microfabricated structural elements capable of facilitating rapid, 
automated analyses of preselected molecular or cellular analytes. Including intracellular molecules, such as DNA, In 
a range of biological and other applications. It is a further object of the Invention to provide a variety of such devices 
that individually can be used to implement a range of rapid clinical tests, e.g., tests for viral or bacterial infection, genetic 

15 screening, sperm motility, blood parameters, contaminants in food, water, or body fluids, and the like, 

SUMMARY OF THE iNVENTION 

[0010] The present invention provides a microfabricated sample preparation device which conveniently provides 
20 microvolume fractions of test sample comprising particulate components, e.g., cells, for various biological and other 
analyses. The Invention.further provides analytical systems which Include the microfabricated sample preparation de- 
vice of the invention together with a microfabricated analyte detection device, e.g.. an Immunoassay device, and/or a 
microfabricated device for carrying out polynucleotide amplification. 

[0011] The sample preparation device of the present Invention is defined In claim 1 hereinafter. 
25 [0012] According to one embodiment of the invention, the flow path has at least one mesoscale dimension and the 
separator comprises a region of restricted flow in the flow path, which is formed by at least one passageway having 
at least one mesoscale dimension that Is smaller than the least mesoscale dimension of the flow path and sufficiently 
small to separate particulate components from the sample fluid. 

[0013] The sample preparation device of the invention can be made using known microfabrlcatlon techniques, with 
30 the flow path and the flow channel being formed in a surface of a solid substrate. In a preferred embodiment, the 
surface of the substrate in which the structural elements are formed is enclosed by a cover, such as a transparent 
glass or plastic cover, adhered to such surface. 

[0014] The mesoscale sample preparation device of the present invention is specially adapted for use in conjunction 
with the mesoscale detection devices which are the subject of co-pending U.S. Serial No. 07/877,702, available in the 

35 file of WO 93122053 which claims convention priority from it and was published on 11*^ november 1993 and/or the 
mesoscale polynucleotide amplification devices which are the subject of copending U.S. Serial No. 08/308,199. A brief 
indication of the contents of US. Serial No. 08/308199 is given later in the text of this application. 
[0015] The mesoscale devices described above can be used in various combinations to function as an analytical 
system, as will be described In further detail below. In one embodiment, the devices may be utilized for analyses of a 

40 cell-containing test sample. The test sample fractions provided by the sample preparation device of the present inven- 
tion may be analyzed serially or essentially simultaneously. 

[0016] The mesoscale detection, devices, which enable the detemnination of various analytes of Interest, comprise 
a solid substrate microfabricated to define a sample inlet port and a mesoscale flow system which includes an analyte 
detection region in fluid communication with the inlet port and, optionally, a flow channel interconnecting the inlet port 

<5 and the analyte detection region. At least one of the analyte detection region and the sample flow channel, when 
present, has at least one mesoscale dimension. The analyte detection region Is provided with a reagent which interacts 
with the analyte of interest, resulting in a detectable product which is determinative of the analyte. In one embodiment, 
the reagent Is a binding substance, optionally immobilized In the detection region, either on a stationary or mobile 
support, for specifically binding the analyte. Also included is a detector for detecting the aforementioned product, which 

50 allows determination of the analyte in the test sample. 

[0017] The mesoscale polynucleotide amplification device comprises a solid substrate that is microfabricated to de- 
fine a sample inlet port and a mesoscale flow system, which includes a polynucleotide amplification region in fluid 
communication with the inlet port of the devices, and, optionally, a flow channel interconnecting the inlet port and the 
polynucleotide amplification region. At least one of the polynucleotide amplification region and the sample flow channel, 

55 when the latter is present, has at least one mesoscale dimension. Lysing means is also provided In a sample flow 
channel upstream of the polynucleotide amplification region for lysing cell components of a biological test sample. 
Such devices may be utilized to implement PGR, in which case the polynucleotide amplification region contains ap- 
propriate reagents and means is provided for thermally cycling the reagents, such that, in each cycle, the temperature 
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controlled to dehybridize double stranded polynucleotides, anneal the primers to single stranded polynucleotide, 
and synthesize amplified polynucleotide between the primers. 

[0018] The individual analytical devices described herein are within the scope of the present invention, when they 
are used in conjunction with the sample preparation device of the invention. 

5 [0019] The devices described above will normally be used with an appliance that functions as a holder for the devices- 
and which mates one or more ports on the devices with one or more flow lines in the appliance. A test sample, such 
as whole blood, containing an analyte of interest may be applied to the inlet of the sample preparation device after 
which an impellent, such as a pump, which may be incorporated in the appliance or in the device itself, is employed 
to cause the sample to flow along the flow path and through the separation zone. Test sample which is free of particulate 

10 components is transferred from the sample preparation device to the analyte detection device, the outlet of the former 
being in fluid communication with the inlet port of the latter. Particulate components, such as blood cells or other formed 
bodies, remaining in the separation zone can be discharged from the separation zone, and transferred to the polynu- 
cleotide amplification device via the discharge section of the flow channel of the sample preparation device, which is 
in fluid communication with the inlet port of the polynucleotide amplification device. Alternatively, the test sample may 

15 be injected into the sample preparation device, or the sample may enter the mesoscale sample preparation device 
through the inlet by capillary action. Optionally, depending on the analytical protocol being carried out in the devices 
described above, the appliance may also be designed to inject into the devices reagents, such as labelled binding 
substances, polynucleotide amplification reagents, buffers, or any other reagent required to carry out the desired anal- 
ysis. 

20 [0020] The device and systems of the invention may be used to implement a variety of automated, sensitive and 
rapid clinical tests including the analysis of cells or molecules or for monitoring reactions or cell growth. Essentially 
any test involving determination of the presence or concentration of a molecular or ionic analyte. the presence of a 
particular cell type or the presence of a gene or recombinant DNA sequence In a cell can be implemented to advantage 
using the device and analytical systems of the present invention. These mesoscale devices can provide a rapid chemical 

25 test for the detection of pathogenic bacteria or viruses. The devices can also provide a rapid test for the presence or 
concentration of blood constituents, such as hormones. Additional useful applications include, but are not limited to, 
a range of other biological assays, such as blood type testing. 

[0021] The device and systems of the invention may be readily sterilized prior to use. Tests performed using the 
device and systems of the invention may be completed rapidly, and at the conclusion of the test the devices can be 
30 discarded, which beneficially prevents contamination between samples, entombs potentially hazardous material, pro- 
duces only microvolumes of waste fluid for disposal and enables inexpensive analyses. 

[0022] Additional advantages and features of the present invention are set forth in. and will be apparent to those 
skilled in the art from the detailed description of the invention presented below, considered In conjunction with the 
accompanying drawings. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 

40 FIGURE 1 is a perspective view of a diagrammatic representation of a sample preparation device of the invention, 

as seen through a transparent cover. 

FIGURES 2 and 3 show fragmentary plan views of different embodiments of a microfabricated restricted flow (filter- 
type) separator within the flow path through a portion of a sample preparation device, the separator having a series 
of passageways restricting flow of the test sample through the flow path. 

45 FIGURE 4 is a schematic illustration, in cross-section, of a sample preparation device of the invention combined 

with an appliance which serves to hold the device and to regulate fluid flow through the device. 
FIGURE 5 is a plan view of a diagrammatic representation of the same device shown in FIGURE 1 , the respective 
outlets of which are in fluid communication with first and second microfabricated analytical structures which are 
designed to perform separate analyses on the sample fractions provided by the sample preparation device. 

50 FIGURES 6A and 68 are schematic illustrations, in cross-section, of a sample preparation device of the invention 

with the outlet of the flow path from the separation zone in fluid communication with the sample inlet of an analytical 
device for implementing various assay protocols. Both devices are shown in combination with an appliance which 
serves to hold the devices, regulate fluid flow through the devices, and, in the embodiment shown in FIGURE 6A. 
detect pressure differentials at preselected locations along the course of fluid flow through the devices. FIGURE 

55 6A shows the devices abutting end-to-end; and FIGURE 68 shows a stacked arrangement of the devices. 

FIGURE 7 is a schematic illustration, In cross-section, of a sample preparation device of the invention with the 
outlet of the carrier fluid flow channel in fluid communication with the sample inlet of an analytical device for per- 
forming polynucleotide amplification. Both devices are shown in combination with an appliance which serves to 
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hold the devices, regulate fluid flow through the-devices and detect pressure differentials at preselected locations 
along the course of fluid flow through the devices. 

FIGURES 8A and 8B show, in plan view, diagrammatic illustrations of two analytical devices intended for use with 
the sample preparation device of the invention. The device of FIGURE 8A has two mesoscate flow systems, each 

5 one including Inlet ports interconnected by a flow channel to a single chamber for analyte capture and, optionally, 

detection. FIGURE SB shows a similar design for performing enzyme immunoassays and having dual capture 
chambers. An analyte of Interest, such as a protein, may be captured in the first chamber, e.g., by a suitable 
immunocapture reagent, labelled with an antibody-enzyme conjugate and exposed to a chromogenic substrate. 
The enzyme converts the substrate to a chromophore which is captured, e.g. , by a suitable immunocapture reagent, 

10 jn the second chamber which concentrates the chromophore and reduces background signal. The second chamber 

may optionally be used for detection of the chromophore, as well. 

FIGURE 9 is a plan view of a diagrammatic representation of a microfabricated analytical device intended for use 
with the sample preparation device of the Invention. The analytical device includes a set of tortuous channels which 
enable the timed addition and mixing of reagents, wash liquids and the like used in conducting various assay 

15 protocols. As seen in FIGURE 9A, a single chamber is provided for capture and detection of the analyte of interest: 

FIGURE 98 shows an exploded view of a part of an alternative embodiment of the device having an analyte capture 
chamber and a separate analyte detection chamber; FIGURE 9C shows an exploded view of part of another em- 
bodiment of the device Including a branched flow path region which permits analyte detection based on flow re- 
striction in the branched region. 

20 FIGURE 1 0A is a plan view of a diagrammatic representation of another embodiment of an analytical device for 

carrying out various assay protocols on microvolume samples, which may be used together with the sample prep- 
aration device of the present invention; 

FIGURE 108 is an exploded fragmentary plan view of a part of the first flow passage through which sample fluid 
flows upon its Introduction into the sample Inlet port of the device shown In Figure 10A; 

25 FIGURE IOC is a fragmentary transverse cross-section of the first flow passage taken along the line 10C-10C in 

Figure 10B, showing the sIde-by-side v-shape channels which constitute the first flow passage; 
FIGURE 10D is a fragmentary longitudinal cross-section of the first flow passage taken along the line 10D-10D In 
Figure 10C, showing certain structural features of the barrier separating the v-shaped channels; 
FIGURE 11 A is a plan view of a diagrammatic representation of an analytical device intended for use with the 

30 sample preparation device of the invention, the analytical device having a series of mesoscale chambers suitable 

for implementing a variety of procedures including cell sorting, cell lysing and polynucleotide amplification, e.g., 
PGR; FIGURE 11B is a plan view of a diagrammatic illustration of an alternative design for a mesoscale PGR 
analytical device. 

FIGURES 12A and 128 are fragmentary plan views of additional embodiments of microfabricated. restricted flow 
35 separators disposed in the flow path of a sample preparation device of the invention. 

FIGURES 12C and 12D are fragmentary longitudinal sectional views of other additional embodiments of micro- 
fabricated restricted flow separators disposed in the flow path of the sample preparation device of the Invention, 

[0024] Like reference characters designate like parts In the drawing figures In which they appear. 

40 

DETAILED DESCRIPTION OF THE INVENTION 



[0025] The sample preparation device of the Invention generally comprises a solid substrate, preferably in the form 
of a chip having dimensions on the order of less than one to a few millimeters thick and approximately 0.1 to 5.0 

45 centimeters square. The substrate is microfabricated to form a sample flow path having an inlet and an outlet as well 
as a separator disposed Intermediate to the inlet and outlet. The upstream-facing portion of the separator defines a 
separation zone In the flow path in which particulate components of the test sample are collected. The device also 
includes a flow channel in fluid communication with the separation zone which functions to discharge collected partic- 
ulate components from the separation zone. The flow channel has an Inlet section for directing a carrier fluid into the 

50 separation zone and over the upstream-facing portion of the separator and a discharge section for directing the carrier 
fluid, In which the particulate components are entrained, out of the separation zone. At least one of the aforementioned 
flow path and flow channel sections have at least one mesoscale dimension. 

[0026] If the particulate components of the sample are not to be analyzed, they can remain in the separation zone, 
in which case the flow channel is essentially nonfunctional and thus may be eliminated from the device. 
55 [0027] As used herein, the term "mesoscale" refers to flow passages or channels and other structural elements, e. 
g. reaction and/or detection chambers, at least one of which has at least one cross-sectional dimension on the order 
of 0.1 |xm to 1000 [im and more preferably 0.2 ^m to 500 p.m. The preferred depth of the flow passages and chambers 
is on the order of 0. 1 -1 00 |xm and more preferably 2-50 jim. The preferred flow passage width is on the order of 2-200 
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^m and more preferably 3-100 ^m. The preferred chamber width is on the order of 0.05-5 mm and more preferably 
50-500 ^m. The width of the passageway(s) in the separator is typically on the order of less than 50 ^m which is 
sufficiently small to separate particulate matter from most biological samples and other test samples of Interest. The 
separator passageways will normally have a depth of about 0.1 to about 100 ^im. The length of the separator passage- 
5 ways will typically be within the range of about 0.1 ^m to about 5 mm. 

[0028] The flow passages and other structures, when viewed in cross-section, may be triangular, ellipsoidal, square, 
rectangular, circular or any other shape at least one cross-sectional dimension of which, transverse to the path of flow 
of sample fluid through or into a given structure, is mesoscale. 

[0029] The mesoscale devices of the invention facilitate sample preparation in a broad range of biological analyses 
10 and, together with the analytical devices described herein, enable the rapid determination of microquantitles of both 
molecular and cellular analytes In various test samples. At the conclusion of the analysis, the devices typically are 

discarded. 

[0030] Mesoscale devices having at least one flow passage or other structural element with at least one mesoscale 
dimension can be designed and fabricated in large quantities from a solid substrate material using various microma- 
15 chining methods known to those skilled in the art. Such methods include film deposition processes, such as spin coating 
and chemical vapor deposition, laser machining or photolithographic techniques, e.g. UV or X-ray processes, etching 
methods which may be performed by either wet chemical processes or plasma processes, LIGA processing or plastic 
molding. See, for example, Manz et al., Trends in Analytical Chemistry 10:144-149 (1991). 

[0031 ] The sample preparation device of the invention may be conveniently constructed by forming the flow passages 
20 and separator in the surface of a suitable substrate and then mounting a cover over such surface. The solid substrate 
and/or cover may comprise a material such as silicon, polysilicon, silica glass, thermocouple materials, gallium arse- 
nide, polyimide, silicon nitride and silicon dioxide. The cover and/or substrate may also comprise a plastic material, 
such as acrylic, polycarbonate, polystyrene, polyethylene or other resin materials. Optionally, the cover and/or substrate 
may comprise a transparent material, e.g., a relatively thin, anodically bonded layer of glass or ultrasonlcally welded 
25 plastic sheet material. Alternatively, two substrates of like material can be sandwiched together, or a suitable substrate 
material may be sandwiched between two transparent cover layers. 

[0032] A diagrammatic representation of one embodiment the mesoscale sample preparation device of the Invention 
is shown in FIGURE 1 . The device 10 is microfabricated in a suitable substrate 11 , thereby forming a sample flow path 
12a and 12b having sample inlet port 14 and outlet port 16. A filter-type separator 18 is Interposed in the flow path 

30 between inlet 14 and outlet 16. The upstream-facing portion 20 of the separator defines a separation zone 22 for 
collecting particulate components of the test sample. The device also includes a flow channel 24a and 24b in fluid 
communication with separation zone 22 for delivering a carrier fluid to, and discharging collected particulate matter 
from the separation zone. Flow channel 24a, 24b has an inlet section 26 for directing cannier fluid, e.g., Isotonic buffer, 
from a source (not shown) over the upstream-facing portion 20 of separator 18. Discharge section 28 conveys the 

35 carrier fluid from over the upstream-facing surface of the filter element and out of separation zone 22. 

[0033] Separator 18 which is microfabricated in sample flow path 12a and 12b of the sample preparation device 
serves to remove particulate matter from the test sample passed through the device prior to analysis. In one embod- 
iment, shown in FIGURES 2 and 3, the separator comprises a series of mesoscale passageways of reduced dimension 
In comparison with flow path 12a, 12b. In operation, separator 18 functions as a filter, accumulating particulate matter 

40 on its upstream surface 18a, while the filtrate exiting passageways 19 continues along flow path 12b. The filter pas- 
sageways 19 are microfabricated with depths and widths on the order of about 5 ^im to about 50 p.m, whereas flow 
paths 1 2a , 1 2b have maximum depths and widths on the order of approximately 1 000 ^im. The filter element is preferably 
microfabricated in the substrate of the device so as to form at least one. and preferably several, generally upstanding 
projections of the substrate material disposed in the flow path, which serve to restrict the flow of sample fluid through 

45 the separation zone. 

[0034] Protuberances p may be provided on the exterior of the upstream-facing portion of separator 1 8, as depicted 
in Figure 2, as an aid in preventing plugging of passageways 19 by particulate matter in the sample fluid. Also, a sump 
(not shown) may be provided adjacent the upstream-facing portion of separator 18 for collecting insoluble debris re- 
moved from the sample fluid. 

50 [0035] Separator 18 preferably is an essentially stationary structure permanently positioned between sample inlet 
14 and outlet 16 of the flow path, as can be seen in FIGURE 1. Alternatively, however, the separator may be transiently 
disposed in the flow path. For example, a mass of magnetic particles may be retained In relatively fixed position in flow 
path 12a, 12b by means of an applied magnetic field to effect filtration of particulate matter from the test sample. The 
fluid portion of the sample passes through the void spaces between the particles as the filtrate. At the appropriate time, 

55 the applied magnetic field is removed and the magnetic particles may be transferred from the flow path, together with 
any particular matter from the test sample accumulated thereon, for analysis or disposal, as desired. 
[0036] Separator 18 may, If desired, comprise a reagent that facilitates removal of particles or formed bodies from 
the test sample. In the case of a biological sample comprising a mixed cell population, for example, a binding substance 
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that releasably binds to a specific target cell type within the mixed population may be adsorbed or othenA/ise affixed to 
the separator to effect removal and selective retention of the target cell type. Cells which are not retained can be 
conveyed from the separation zone for disposal. The retained cells are subsequently caused to be released for analysis. 
[0037] The sample preparation device of the invention can be used In combination with an appliance, such as ap- 

5 pliance 30, shown in schematic cross-section in FIGURE 4, for delivering fluids to, discharging fluids from, and trans- 
ferring fluids between the different devices constituting the analytical systems of the invention. Appliance 30, which 
has a nesting site 32 for holding the device 10, and for registering ports, e.g. port 14 on the device, with a flow line 33 
in the appliance. The appliance may include an Impellent, such as pump 34 shown in FIGURE 4, for conveying the 
sample through the flow passages of the device. After a biological fluid sample suspected to contain a particular analyte 

10 of interest is applied to the inlet port 35 of the appliance, pump 34 Is actuated to convey the sample into port 14 of 
device 10 and then through flow path 12a, 12b. Although pump 34 is shown as an element of appliance 30, it may, if 
desired be incorporated into device 10 according to known microfabrication techniques. Economic considerations, 
however, favor placement of the pump in appliance 30. Alternatively, depending on the nature of the analyses to be 
performed, a sample may be injected into the device, or the sample may enter the flow passages of the device through 

15 the inlet port by capillary action. In another embodiment, the appliance may be disposed over the sample preparation 
chip, and may be provided with a flow line communicating with the inlet port in the device, e.g., in the absence of a 
cover over the device, to allow a sample to be injected into the device. The microfabricated structures of the devices 
may be filled to a hydraullcally full volume and the appliance may be utilized to direct the flow of fluid through the 
structures, e.g., by means of valves located in the appliance, the Incorporation of valves in a microfabricated silicon 

20 chip can be accomplished according to techniques known in the art. 

[0038] The outlet 36 of appliance 30 may be interconnected to the inlet of a similar appliance holding an analytical 
device of the type described herein, whereby the sample prepared in device 10 is transferred to the analytical device 
for testing. 

[0039] The analytical devices also may be utilized in combination with an appliance for viewing the contents of the 
25 mesoscale flow passages and other structures in the devices. For example, the appliance may comprise a microscope 
(not shown) for viewing the contents of the mesoscale structure(s) in the device. Transparent cover 29, as shown In 
FIGURE 1 , serves as a window which facilitates dynamic viewing of the contents of the device. 
[0040] FIGURE 5 shows a diagrammatic representation of the combination of the sample preparation device of 
FIGURE 1 and analytical device 110 designed to carry out various binding assay protocols, and also polynucleotide 
30 amplification. To this end the device 110 is provided with an assay structure 112 and a polynucleotide amplification/ 
assay structure 1 22. In the embodiment illustrated in FIGURE 5, the outlet of flow path 1 2a, 1 2b is in fluid communication 
with the inlet port 114 of assay structure 112 of the device; and the discharge section 28 of channel 24a, 24b is in fluid 
communication with the inlet port 1 24 of polynucleotide amplification/assay structure 1 22. Reagents used in performing 
the assay or other test or analysis may be Introduced through reagent inlet ports 116 or 126, respectively A reaction 
35 region 117 is typically provided in assay structure 112 in which a suitable reagent interacts with the analyte to yield a 
detectable product which is determinative of the analyte. That is to say, the product produced is one which provides 
definite information as to the nature or quantity of the analyte. The product may be detected in the form in which it is 
produced In reaction region 117, or it may be subject to further reaction to enhance its detection. A separate reaction/ 
detection region 118 may be provided for this purpose. 
40 [0041] A solution containing analyte-specific binding substances may be introduced into reaction region 117 via an 
inlet port (not shown) in fluid communication with the reaction region. Protein binding substances introduced in aqueous 
solution may be retained in a mesoscale structure In lyophllized form. Alternatively, binding substances may be immo- 
bilized in a mesoscale chamber of the analytical devices after its manufacture by, for example, physical adsorption or 
chemical attachment to the surface of the chamber or to a mobile, solid phase support, such as magnetic or non- 
45 magnetic polymer particles disposed in the chamber. 

[0042] In carrying out polynucleotide amplification using device 110, cells of interest transferred from discharge sec- 
tion 28 of the sample preparation device 10 are subject to lysis either by a lysing agent or by a lysing structure as 
described in the above-mentioned U.S. Patent No. 5,304,487. The target polynucleotide released from the cells un- 
dergoes amplification in amplification region 127 and the amplified polynucleotide may be detected in detection region 
50 128. One or more of the apertures 116, 119, 126 and 129 may be open to the atmosphere to vent the system(s). The 
operation of the binding assay structure 112 and the polynucleotide amplification/assay structure 122 will be further 
explained with reference to other embodiments of such devices described below. 

[0043] Although assay structure 112 and polynucleotide amplification/assay structure 122 are fashioned on a com- 
mon substrate as a single device, as shown in FIGURE 5, the structures may be fabricated on separate substrates 
55 and function as distinct analytical devices or chips, as will appear below. 

[0044] When the sample preparation device and analytical devices described above are used together to function 
as a analytical system, as illustrated in Figure 5, for example, the system is advantageously combined with an appliance 
of the type depicted in Figure 6A, 6B and 7. Like the appliance of Figure 4, previously described, appliance 50 in Figure 
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§A serves to deliver fluid to, discharge fluid from, and transfer fluid between the respective devices. Appliance 50 has 
a nesting site 52 for holding sample preparation device 10 and analytical device 110 and for registering ports In the 
devices with flow lines in the appliance. Specifically, flow line 54a is in registry with inlet port 1 4 of the sample preparation 
device, flow line 54b is in registry both with outlet 16 of the sample preparation device and Inlet 114, and flow line 54c 

5 is in registry with outlet 119 of assay structure 112 of the analytical device. As illustrated in Figure 6A. flow line 54a is 
in fluid communication with appliance inlet port 56, whereas flow line 54C is in fluid communication with appliance 
outlet 57. The appliance typically includes an impellent, such as pump 58, for forcing sample fluid through the analytical 
system. After applying to inlet port 56 of appliance 50, a particle-containing fluid test sample, e.g.; whole blood, the 
serum phase of which is suspected to contain an analyte of interest, pump 58 is actuated to force the sample through 

10 separator 18, providing sample fluid, e.g., serum, of substantially reduced particle content. The substantially particle- 
free sample fluid is transferred from device 10 via flow line 54B to assay structure 112 for'testing, e.g., immunoassay. 
[0045] The binding of analyte, perse, or analyte reaction products to a binding substance in the reaction/detection 
region of the analytical devices can be detected by any number of methods, including monitoring the pressure or 
electrical conductivity of sample fluids in the device(s), as disclosed in the above-referenced related applications (see, 

15 for example, U.S. Serial No. 877,702). or by optical detection through a transparent cover, either visually or by machine. 
For example, reaction of an analyte with a binding substance in the reaction region 117 of analytical device 112 illus- 
trated in Figure 6A can be detected by monitoring the pressure of the sample fluids in certain regions of the mesoscale 
flow passages. This Is accomplished in the analytical system-appliance combination of Figure 6A by means of two 
pressure detectors 59a and 59b for detecting flow pressure of fluids entering and exiting the devices through ports 14 

20 and 119, respectively. When, during the performance of an assay, particles agglomerate or molecules chemically in- 
teract to form a network causing restricted flow or an increase in the viscosity of the sample liquid passing through the 
reaction/detection region, such changes can be detected as a pressure change which is indicative of a positive result. 
Mesoscale pressure sensors, and other electrical or electro-mechanical sensors can be directly fabricated on a silicon 
substrate and can be mass-produced according to well established techniques. Angell et al., Scientific American, 248 : 

25 44-55(1983). 

[0046] Other embodiments of appliances may be fabricated for use in carrying out different assay protocols with 
different devices in accordance with the present invention. One such embodiment is depicted in Figure 6B, which 
illustrates a cross sectional view of an analytical system, comprising analyte device 110' stacked upon a sample prep- 
aration device 1 0', disposed in nesting site 72 provided in appliance 70. A particle-containing test sample fluid is applied 

30 to appliance sample inlet 74, whereupon an impellent, such as pump 75, causes the sample fluid to pass through 
device 10', providing a sample fluid of substantially reduced particle content for analysis in analytical device 110'. The 
cover 116' of analytical device 110' has an aperture 114' open to the atmosphere to vent the system. Placement of the 
analytical device 110* on the top of the stack allows optical detection through a transparent portion of cover 116'. 
[0047] A separate view of an analytical system, comprising a sample preparation chip and an analytical device for 

35 polynucleotide amplification, in combination with an appliance of the type described above is provided in Figure 7. The 
cross-sectional view of the analytical system in Figure 7 shows appliance 90 having a nesting site occupied by sample 
preparation device 10 and the polynucleotide amplification/assay structure 122. The discharge section 28 of flow chan- 
nel 24b in sample preparation device 10 is in fluid communication, through flow line 92 with the inlet port 124 of poly- 
nucleotide amplification/assay structure 122. Flow line 93 is in registry with outlet 129 of the analytical device and in 

40 fluid communication with appliance outlet 94. 

[0048] The polynucleotide sample, after release from the cell component separated from the sample fluid in sample 
preparation device 10, e.g., by contacting with the suitable lysing means as described above, is introduced into am- 
plification region 127. Reagents required for amplification are also added to amplification region 127 through inlet 126, 
as shown in Figure 5. An impellent, such as a pump (not shown), is used to deliver the polynucleotide sample through 

45 flow line 92 to amplification region 127. 

[0049] Amplification reagents may be similariy delivered to amplification region 127 through a different flow line 
provided in the appliance or in the analytical device (not shown). The product of the polynucleotide amplification reaction 
may be transferred to region 128 for detection in the manner previously described. The resultant product may be 
recovered, if desired, through appliance outlet 94. 

50 [0050] Pressure differentials along the path of flow of the test sample fluid through devices 10 and 122 may be 
measured using pressure sensor 96 in conjunction with a pressure sensor (not shown) deployed in the appliance or 
the device to measure pressure at a point upstream of discharge section 28 of device 10. 

[0051] Appliance 90 may include a heating/cooling element 95 for controlling the temperature within the polynucle- 
otide amplification region, e.g., an electrical heating element and/or a refrigeration element. An electrical heating ele- 
55 ment (not shown) may alternatively be integrated into the substrate of analytical device 122, with electrical elements 
for power mated to matching electrical contacts in the appliance below the amplification region 127. Alternatively, the 
appliance may include an internal or external heating means, such as a laser or other source of electromagnetic energy 
(not shown) disposed adjacent amplification region 127 of polynucleotide amplification/assay structure 122. A micro- 
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processor in appliance 90 may be used to regulate the heating element in order to provide a temperature cycle in the 
polynucleotide amplification region between a temperature suitable for dehybridization, e.g., 94**C, and temperatures 
suitable for annealing and polymerization, e.g., 65^C. A thermocouple may also be provided in the substrate surround- 
ing amplification region 1 27 in electrical contact with the appliance to allow microprocessor or other electronic controller 

5 to detect and maintain the temperature cycles in the reaction chamber. A cooling element, such as a miniature ther- 
moelectric heat pump (Materials Electronic Products Corp.. Trenton, NJ), may also be included in the appliance for 
adjusting the temperature of the amplification chamber. In another embodiment, the temperature of the polynucleotide 
amplification chamber can be regulated by a timed laser pulse directed at the reaction chamber through glass cover 
109. so as to allow sequential heating and cooling of the sample to the required temperatures for the amplification 

10 cycle. The thermal properties of silicon enable a rapid heating and cooling cycle. 

[0052] In all of the embodiments of the invention depicted in Figure 4, 6A, 6B and 7, the pump may be subject to 
control by a microprocessor in the appliance. Also, the devices illustrated in the last-mentioned figures may be retained 
securely engaged in the nesting site of the appliance, or in contact with one another, as the case may be, in various 
ways including, by way of example, a clamp (not shown) mounted on the appliance, binding of the confronting device 

15 surfaces to one another, e.g., by adhesive, or by appropriate dimensioning the devices relative to the nesting sites to 
frictionally retain the devices therein. 

[0053] A biological assay device which may be used in combination with the sample preparation device of the in- 
vention is shown in FIGURE 8A. The device 130 was fabricated on a substrate 131 having mesoscaie flow channels 
132a, 132b with entry ports 133 microfabricated on opposite ends of the channels and a central mesoscaie mixing/ 
20 capture/detection chamber 1 35. As depicted in FIGURE 8A, the cross-sectional dimension of chamber 1 35 is relatively 
larger than that of channel 132a. 132b. 

[0054] A capture reagent, such as a substance that binds specifically to the analyte of interest, may be immobilized, 
either on a stationary or mobile support, in chamber 135. When a mobile support, e.g. polymer particles, is used, the 
particle size should be selected so as to be relatively larger than the cross-sectional dimension of flow channel 132a, 
25 132b in order that the immobilized reagent is confined to chamber 135. A reagent immobilized on a particulate solid 
support in this manner can conveniently be charged to chamber 135 via inlet port 137. 

[0055] A device of the type just described can be used to carry out various immunoassay reactions. For example, a 
non-competitive, immunometric assay for the determination of carcinoembryonic antigen (CEA) may be carried out by 
filling chamber 135 with monoclonal anti-CEA antibodies immobilized on a particulate support, such as plastic beads. 

30 The test sample to be analyzed for CEA is then added to fill chamber 135 and expel any fluid introduced with the 
immobilized reagent. The contents of chamber 135 are thereafter incubated for a time sufficient to effect antigen- 
antibody binding. Subsequently, an antibody enzyme conjugate, e.g. monoclonal anti-CEA antibody-horseradish per- 
oxidase is added to the chamber and the contents are again incubated. A solution of a chromogenic substrate is then 
added to chamber 1 35 which serves to wash the immobilized reagent, expelling unbound conjugate. Sufficient substrate 

35 is retained in the chamber to react with any peroxidase label bound to the immobilized reagent. The rate of generation 
of chromophore is directly proportional to the concentration of CEA in the sample. 

[0056] Device 130 may also be used to perform a competitive assay for the determination of thyroxine in a test 
sample. In carrying out this format, chamber 135 is filled with an immobilized reagent comprising anti-thyroxine anti- 
bodies bound to the surface of plastic beads. The test sample to be analyzed for thyroxine is premixed with a thyroxine- 

40 peroxidase conjugate and added to the chamber, thus filling the chamber and expelling any fluid introduced with the 
immobilized reagent. The contents of the chamber are then incubated for a time sufficient to effect antigen-antibody 
binding. A buffer may optionally be passed through chamber 135 to wash the Immobilized reagent. A chromogenic 
substrate is thereafter added to the chamber, washing the immobilized reagent and expelling any unbound reagents. 
Sufficient substrate is retained in chamber 135 to react with any peroxidase label bound to the immobilized reagent. 

^5 Generation of chromophore is inversely proportional to the concentration of thyroxine in the test sample. 

[0057] Although the assay structure of FIGURE 8A is configured to confine the immobilized reagent in channel 135, 
the design is such that fluid can be pumped over and through the immobilized reagent for washing purposes. 
[0058] It should be understood that the last-mentioned two examples are merely representative, as the device of 
FIGURE 8A, as well as the other devices described herein may be used to implement a variety of other assay formats. 

so [0059] FIGURE 8B shows analytical device 140 microfabricated on a substrate 141 and having an inlet port 143 in 
fluid communication with a chamber 1 45 for analyte capture, e.g., by immunocapture. This device is adapted for carrying 
out enzyme immunoassay. To that end. the device Includes a separate chamber 147 containing a binding agent to 
capture and concentrate the chromophore produced by the action of the enzyme label on a suitable substrate. For 
example, a protein analyte may be determined using a "sandwich" assay technique, in which the analyte is captured 

55 in chamber 145 by an antibody immobilized therein which binds specifically to the analyte. The captured analyte is 
labelled with an enzyme-antibody conjugate composed of alkaline phosphatase, for example, and an antibody that 
specifically binds the protein analyte. Fluorescein phosphate is introduced into chamber 145 as a chromogenic sub- 
strate for the enzyme label. Alkaline phosphatase acts on the substrate to generate fluorescein which is captured by 
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qn anti-fluorescein antibody immobilized in chamber 147. A hydrophobic environment created in chamber 147, e.g., 
by virtue of material adhered to the walls of the structure, the capture agent or a component of the reaction mixture, 
e.g., a surfactant or micelle-forming agent, will improve the fluorescent signal from the bound fluorescein. Detection 
of the chromophore may be carried out in chamber 147 or the chromophore may be removed from the device through 
5 outlet 149 for detection in a separate apparatus, other substrates could be selected for use in carrying out this deter- 
mination, such as 4-nitrophenol phosphate or 4-methylumbelliferone phosphate, with appropriate binding agents used 
to capture the dephosphorylated product. 

[0060] A diagrammatic representation of another embodiment of a biological assay device that may be used in the 
practice of the present invention is shown in FIGURE 9. The substrate 151 of device 150 is microfabricated with ports 

10 152a-e, flow channels 154a-g, reaction chambers 156a and 156b and a capture/detection chamber 158. The reaction 
chambers 156a and 156b each comprise a tortuous mesoscale flow channel. The path length of the tortuous channel 
may be designed to permit the timed mixing and addition of sample reagent(s). Devices of this type may be utilized in 
combination with an appliance having ports mated to ports in the device, which appliance is capable of delivering and 
receiving fluids through the flow system of the device and, optionally, capable of optically detecting a positive or quan- 

15 titative result in chamber 158. In one application of the device, the cholesterol content of a sample may be determined. 
Cholesterol esterase Is applied via Inlet port 152a and buffer and sample are added via inlet ports 152b and 152c, 
respectively. The mixture then flows through channel 154d to the tortuous mixing/reaction chamber 156a. The time of 
mixing and reaction may be predetermined by microfabrlcating the tortuous channel to the appropriate length and 
controlling the flow rates. Cholesterol oxidase is added via port 152d and flows through channel 154g to the tortuous 

20 channel 156b where the timed mixing and reaction of the cholesterol oxidase with the fluid from channel 156a occurs. 
Heating means like those described above, may be provided to maintain the device at 37^C, or higher. A chromogenic 
substance Is Introduced at 154e through a flow channel (not shown) for detection. Positive or quantitative results can 
be detected optically by observing the detection chamber 158, e.g., through an optical window disposed over the 
chamber. The detection chamber 158 may be provided with an immobilized binding moiety capable of capturing the 

25 product of the enzyme reaction, thus facilitating detection. This device may be applied to a range of clinical enzymatic 
and other reactions. 

[0061] According to an alternative embodiment shown In FIGURE 9B, capture of a ftuorescently labelled analyte 
may occur in chamber 158a, which contains an analyte-speclfic binding agent that binds releasably to the analyte. 
Released fluorescently labelled analyte is captured for detection in chamber 158b. 

30 [0062] In another embodiment illustrated In FIGURE 90, flow channel 154f may be constricted, such that the flow 
path is of smaller cross-sectional area than channel 154e, thereby restricting flow of test fluid through the device. As 
depicted In FIGURE 90, channel 154f is constructed In a pattern of parallel flow channels, with reduced dimensions 
at each channel division, providing sequentially narrower flow passages. This device may be utilized in performing 
various agglutination assays, the occurrence of particle-Induced or complex-Induced agglutination being detected on 

35 the basis of restricted flow of the sample through the branched portion 159 of flow channel 154f. 

[0063] FIGURE 1 0A is a diagrammatic representation of a mesoscale analytical device 170 design for carrying out 
various binding assay protocols. The device enables determination of a range of analytes on the basis of microvolumes 
of sample and small, measured amounts of reagents, with labelled product being detected within the device, so that 
all sample, unreacted reagent and reaction products remain confined in the device for subsequent disposal. 

40 [0064] The device may be used In combination with an appliance (not shown) of the general type described above 
with reference to Figure 6A. Such a device has a nesting site for holding the device, flow lines and associated pumps 
and valves for delivering sample, reagents, wash solutions and the like to the device. The appliance may also include 
a temperature control and sensing means, pressure sensors and/or electrical connections to facilitate analyte detection, 
optical detection means, signal amplification and quantitation means, all as described herein. The combination may 

45 also Include overall system sequence and control elements, quantltated Information display and recording means via 
a microprocessor in the appliance, for example, or by Interfacing with an external computer. 
[0065] The device is microfabricated as previously described with the flow passages configured to provide a total 
capacity In the range of 0.01-100 ^iL, preferably from about 0.5 to about 50 |iL. 

[0066] In use, a microvolume of test sample fluid is Introduced at port 171. The test sample fluid is pre-filtered by 
50 passage through the sample preparation device of the invention, before introduction at port 171. Alternatively, the 
sample fluid may be filtered after Introduction Into device 1 70. Internal filtration may be beneficially achieved by a cross- 
flow filtration technique. As shown in Figure 10B, flow passage 172, through which sample fluid initially passes upon 
introduction at inlet 1 7 1 , Is divided into two side-by-slde V-shaped channels 1 72a and 1 72b, separated by a longitudinal 
barrier 173, which Is preferably formed from the substrate material (but may be a part of, and suspended from the 
55 cover plate or sheet). Barrier 173, together with the cover of the device, defines at least one passageway 174, as 
illustrated in Figure IOC, which allows fluid flow therethrough, but is of sufficiently small dimension to prevent the 
passage of particulate components, e.g., cells, of a fluid sample. Barrier 173 Is positioned such that inlet 171 feeds 
sample fluid directly into flow path 172a and indirectly into flow path 172b, the fluid passing into flow path 172b having 
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a substantially reduced particle content, as compared with previously unfiltered sample entering inlet 171. 
[0067] Flow passage 1 72 may be fabricated with walls that diverge from a relatively small cross-sectional dimension 
to a relatively larger cross-sectional dimension in the downstream direction from the inlet, or with walls that converge 
from a relatively large cross-sectional dimension to a relatively smaller cross-section dimension in the downstream 

5 direction from the inlet, with barrier 173 being disposed generally parallel to at least one of the passage walls. Such 
design gives rise to nonlinear flow of the sample fluid which aids in dislodging particles from passageway 174. 
[0068] If the test sample fluid is filtered externally to device 1 70. the above-described internal filter may be omitted. 
Alternatively, a sample fluid that has been externally filtered can be entered directly into the device via port 175, thus 
bypassing flow passage 172. A buffer may also be introduced through port 175 for the preparation of diluted sample 

10 fluid, if desired. Excess buffer may be collected in outlet 176. 

[0069] Particulate matter trapped in flow path 172a is conveyed to outlet 176, as illustrated in Figure 10B. 
[0070] Filtrate from flow path 172b next passes into flow passage 1 77 which Is appropriately dimensioned to function 
as a metering chamber, providing a pre-determined sample volume for analysis. The pre-determined sample volume 
will ordinarily be on the order of about 1 ^iL. A scale 178 may be provided on device 170, e.g., by etching, to aid in the 

15 metering of desired amounts of sample fluid into the device for analysis. By enabling the introduction of prescribed 
sample volumes into device 170, flow passage 177 also permits quantitation of the analyte, 
[0071] A suitable impellent (not shown) incorporated in device 1 70. or in an appliance designed for use in conjunction 
with such device, can be employed for transferring the metered sample fluid to flow passage 179, which is optionally 
provided for mixing the sample fluid with the primary reagent used In performing the binding assay. The inclusion of 

20 such a mixing chamber in device 170 is beneficial for achieving more rapid and complete reaction between analyte 
and primary reagents. 

[0072] Suitable Impellents for transferring sample fluid, reagents, buffers and the like through the flow system of 
device 170 includes various pumps, such as micromachined pumps, diaphram pumps, syringe pumps, volume occlu- 
sion pumps, as well as endosmotic induced flow, flow induced by electrochemical evolution of gases and other pumping 

25 means known to those skilled in the art. 

[0073] The primary reagents may be delivered directly to flow passage 179 in the device through inlet 180. The 
primary reagents are caused to mix with the metered sample fluid upon entering flow passage 179, which may be 
sequential or essentially simultaneous. Excess primary reagents may pass out of the flow system through outlet 181. 
[0074] The source of primary reagent may be an internal storage chamber which can optionally be provided in device 

30 170. Alternatively, the primary reagents can be delivered to the device from a reservoir In an appliance with which the 
assay device is used, such as the appliance described with reference to Figure 6A, above, or from some other source 
external to the device. The primary reagents can be stored as liquid solutions, gels or neat, such as in dried or lyophilized 
form, or In any other convenient form. For example, the primary reagent can be lyophilized in place in flow passage 
179, in which case the test sample fluid or a suitable solvent introduced, for example, through inlet 180 can be used 

35 to dissolve the primary reagents. Alternatively, the test sample or a solvent may be directed by liquid transfer means, 
as noted above, from flow channel 1 79 to a storage chamber (not shown) outside the flow system illustrated in Figure 
1 0 to dissolve the primary reagents. In addition, heating or agitation means (not shown) may be provided In the storage 
chamber to aid in dissolving the primary reagents stored therein. 

[0075] The primary reaction mixture, comprising the sample fluid and dissolved primary reagents can also be reacted 
<o in flow channel 1 79, which may include structural elements, as previously described, to promote turbulent flow. Agitation 
or other means may be provided to ensure adequate mixing of the primary reaction mixture. The primary reaction 
mixture is caused to remain in flow channel 1 79 for a time sufficient for the desired reaction to proceed to completion. 
[0076] Means for regulating the temperature in flow channel 179, such as that previously described with reference 
to Figure 7, may optionally be utilized to enhance the primary reaction conditions. Means for sensing the temperature 
45 in flow passage 179 may also be provided, if desired. The temperature sensing means may be operatively connected 
to a microprocessor or similar device which controls the overall function of the system so as to correlate the sensed 
temperature with the residence time of the primary reaction mixture in flow passage 179. 

[0077] Upon completion of reaction, all or part of the primary reaction mixture can be transferred, e.g., by the above- 
described pumps or other impellents, to capture region 182 and detection region 183, in which one or more original 

50 components of the sample fluid or products of the primary reaction may be monitored and/or detected. Alternatively, 
the product of a secondary reaction, the existence or concentration of which is correlatable to the existence or con- 
centration of the analyte of interest in the sample fluid, can be employed for analyte determination. 
[0078] The detection techniques utilized in connection with device 170 are those customarily used in performing 
binding assays. Briefly, these include chemical tests, such as may be carried out by addition of test reagents; spec- 

55 troscopy, for example, to detect changes in properties of the analyte caused by chemical changes during the primary 
reaction, such as shifts in absorbance. wave lengths, changes In fluorescence polarization, changes in fluorescence 
stokes shifts, and the like; agglutination, as measured by microscope, image analysis or similar procedures; and meas- 
uring electrochemical performance of the reacted primary reaction mixture, such as specific measurement by amper- 
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ometric and/or potentiometric/voltametric techniques. 

[0079] With regard to carrying out a secondary reaction for analyte determination, a capture region, defined by flow 
passage 182, is provided into which all or part of the reacted primary reaction mixture Is transferred by liquid transfer 
means of the type previously described, and In which one or more components of the products In the primary reaction 
5 mixture may be captured by binding to a surface and subsequently detected and/or quantitated. Capture reagent may 
be immobilized on the walls of flow passage 182 or on the surface of particles or beads present in flow passage 182, 
or both. 

[0080] An inlet or fill hole 1 84 may be provided to pre-fill flow passage 1 82 with solid phase capture reagent comprising 
plastic, latex, silica or other suitable support material, including magnetic components, capable of combining specifically 

10 to the products of the primary reaction mixture. The particulate capture reagent can be charged to flow passage 182 
either as a wet slurry, which may subsequently be dried or lyophillzed, or In dry form. In either case, the filling of flow 
passage 182 can optionally be assisted by vibration or other means. The mobile solid phase of the capture reagent 
comprises particles or beads having diameters from tens of nanometers to tens of microns, with a surface coating of 
avidin, strepavidin or other substance to which biotlnylated or otherwise conjugated antibodies will specifically bind. 

15 [0081] Flow passage 182 may be fabricated with flow restricting structural elements 189a. 189b or other means to 
confine the capture reagent within flow passage 182 while allowing passage of fluids therethrough. The particulate 
capture reagent may also be confined within flow passage 182 in the manner previously described with reference to 
Figure 8A. 

[0082] The primary reaction mixture is caused to remain In flow passage 182 for a time sufficient for reaction with 
20 the capture reagent to proceed to a known extent, preferably essentially to completion. Means for regulating and sens- 
ing the temperature in flow passage 1 82 may optionally be provided as noted above with reference to flow passage 1 79. 
[0083] The captured product of the primary reaction mixture is preferably washed before proceeding with the sec- 
ondary reaction. 

[0084] The reagent solution for the secondary reaction may be delivered directly to device 170 via inlet 185. Excess 
25 secondary reagent may be removed from the flow system through outlet 186 or 187. Alternatively, the reagent for the 
secondary reaction may be kept prior to dissolution and use in a storage chamber in device 170, or in an appliance 
used In conjunction with the device, or In some other convenient source external to the device. One or more flow lines 
appropriately mated with flow passages in device 170 and operatively connected to an impellent may optionally be 
provided to transfer solvent from an input port to the above-mentioned secondary storage chamber where stored re- 
30 agents are dissolved to form the secondary reaction solution. 

[0085] The reagent for the secondary reaction may Include an enzyme substrate specific to an enzyme conjugated 
to the captured primary reaction product, as well as substances which, when dissolved In the secondary reaction 
solution, assist in washing of the bound primary reaction product. 

[0086] The secondary reaction preferably occurs In flow passage 1 82, wherein the secondary reaction solution reacts 
35 with captured primary reaction products. The product of the secondary reaction may be a substance selected from the 
group of molecules or ions directly or indirectly detectable based on light absorbance, fluorescence, phosphorescence 
properties; molecules or ions detectable by their radioactive properties; or molecules or ions detectable by their nuclear 
magnetic resonance or paramagnetic properties. The product of the secondary reaction may be amplified, according 
to procedures known in the art to enhance the detection thereof. For example, an enzyme amplification reaction may 
40 be employed, which releases a florophore generated from a non-fluorescent precursor in the secondary reaction so- 
lution. 

[0087] After the secondary reaction is complete, the resultant product may be detected and quantitated either within 
flow passage 182 or subsequently in detection region 183, or.in a detector external to device 170. 
[0088] The preferred cross-sectional dimensions of flow passages 177 and 183, transverse to the path of flow of 
45 sample fluid, are about 100 |im wide and 70 |im deep, whereas the preferred cross-sectional dimensions of flow pas- 
sages 179 and 182, transverse to the path of flow of sample fluid, are about 400 ^m wide and 70 ^m deep. These 
dimensions are within the mesoscale range, as set forth above. 

[0089] Various binding assay protocols can be Implemented in device 1 70 including immunometric (sandwich) assays 
as well as competitive immunoassays, employing both polyclonal and monoclonal antibodies for purposes of capture 
50 and detection of anatyte. One form of detection antibody comprises a conjugated label wherein the label is florophore 
detectable as a bound moiety after capture on a solid phase. Another form of detection antibody comprises a conjugated 
label wherein the label is florophore detected after release from the captured primary reaction product. Another form 
of detection antibody comprises a conjugated enzyme moiety such as horseradish peroxidase or alkaline phosphatase. 
[0090] Washing steps may be carried out as appropriate to eliminate potentially interfering substances from device 

55 170. 

[0091] Excess sample fluid, reagents, wash solutions and the like from the various flow passages and structural 
elements may be combined and routed Into a single waste receptacle of adequate capacity, preferably within device 
170, such that all sample fluid and reaction products are safely contained for disposal. 
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. [0092] FIGURE 11 A diagrammatically depicts an analytical device 191 used to determine the presence of an Intra- 
cellular polynucleotide in a biological cell-containing fluid sample, and then to perform an assay for a particular nucle- 
otide sequence. Microfabricated on substrate 192 is a mesoscale flow path 194a-c which includes a cell separation 
chamber 196a, a cell lysis chamber 196b, a filter element 197, a polynucleotide amplification chamber comprising 
5 sections 198a and 198b, and a detection region 199. The mesoscale flow system is also provided with fluid entry/exit 
ports 193a-d. The device can be used in combination with an appliance, such as that described above with reference 
to FIGURE 6A. 

[0093] Initially, the valves in the above-mentioned appliance function to close ports 193c and 193d, while ports 193a 
and 193b are open, A sample containing a mixture of cells, e.g., transferred from the sample preparation device, is 

10 directed to the sample inlet port 1 93a by a suitable Impellent, e.g. a pump, (not shown), and flows through the mesoscale 
flow channel 194a to separation chamber 196a. Chamber 196a contains binding moieties immobilized on the wall of 
the chamber which selectively bind to a surface molecule on a desired cell type in the sample. Remaining cellular 
components exit the substrate via port 193b. After binding of the desired cell type in chamber 196a, flow with buffer is 
continued, to wash and assure isolation of the target cells. Next port 193b is closed and 193c is opened. Flow is then 

15 increased sufficiently to dislodge the immobilized cells from chamber 196a. Flow is continued, forcing cells through 
membrane piercing protrusions 195 in chamber 196b, which tear open the cells releasing intracellular material. 
[0094] Sample flow continues past filter 1 97, which filters off large cellular membrane components and other debris, 
with the filtrate passing to mesoscale PGR chamber section 198a, which is connected to PGR chamber section 198b 
by flow channel 194b. Taq polymerase, primers and other reagents required for the PGR assay next are added to 

20 section 198b through port 193c from a source thereof (not shown), permitting mixing of the intracellular soluble com- 
ponents from the separated subpopulation of cells and the PGR reagents. With the ports closed (to ensure that the 
reaction mixture does not evaporate, or otherwise becomes lost from the device), an impellent, e.g. a pump, (not 
shown), applies a motive force to port 193b to cycle the PGR sample and reagents through flow channel 194b between 
sections 198a and 198b, set at 94**G and 65°G, respectively, to implement plural polynucleotide melting and polymer- 

25 ization cycles, allowing the amplification of the polynucleotide of interest. Before the next process step, port 193c is 
closed and port 193d Is opened. The same impellent force is then used to direct the amplified polynucleotide isolated 
from the cell population to a detection region 199 in the form of a pattern of flow channels like that described above 
with reference to FIGURE 9G. Flow reduction in the restricted region serves as a positive indicator of the presence of 
amplified polynucleotide product and may be detected optically through a glass cover disposed over the detection 

30 region 1 99. Alternatively, the amplified polynucleotide product may be detected directly in the reaction chamber, using 
commercially available reagents developed for such purpose, such as the "Taq Man®" reagents, available from Perkin 
Elmer Gorporation. The amplified polynucleotide may also be detected outside the device using various methods known 
in the art, such as electrophoresis in agarose gel in the presence of ethidium bromide. 

[0095] Another embodiment of an analytical device which is useful in the practice of this invention is illustrated in 

35 FIGURE 11 B. The device 210 comprises a substrate 214 microfabricated with a mesoscale polynucleotide amplification 
chamber 222A. The device 210 can be used in combination with an appliance like appliance 90 shown in FIGURE 7. 
The appliance is provided with fiow paths mated to ports 216A, 216B, 216G and 216D in device 210. The appliance 
may also include valves that allow the ports 216A, 216B, 216G and 216D to be mechanically opened and closed. In 
one embodiment, the flow system of the devices may be maintained at a hydraullcally full volume, and valves in the 

40 appliance may be utilized to direct fluid flow. Ghamber 222A is heated and cooled to temperatures appropriate to 
provide a dehybrid ization temperature, and annealing and polymerization temperatures, as required for PGR. Temper- 
ature of the reaction region can be controlled as previously described with reference to FIGURE 7. 
[0096] The flow system illustrated in Figure 11B Includes fliter elements 224, of the general type described herein, 
to remove from the sample fluid filterable components having a tendency to interfere with the analysis. 

45 [0097] In operation, a sample containing polymerase enzyme and other reagents required for PGR is delivered 
through inlet port 216A to reaction chamber 222A. With the ports closed, a heating element is then utilized to thermally 
cycle the reaction chamber between a temperature suitable for dehybridization and temperatures suitable for annealing 
and polymerization. When the PGR reaction cycle Is terminated, ports 216B and 216D are opened, driving the contents 
of chamber 222A to detection region 222B, which region contains a polynucleotide probe, e.g., immobilized upon beads 

50 292. A positive assay for the polynucleotide is indicated by agglutination of the beads in the detection region. 

[0098] Although polynucleotide amplification has been described herein with particular reference to PGR, it will be 
appreciated by those skilled in the art that the devices and systems of the present invention may be utilized equally 
effectively for a variety of other polynucleotide amplification reactions. Such additional reactions may be thermally 
dependent, such as the polymerase chain reaction, or they may be carried out at a single temperature (e.g., nucleic 

55 acid sequenced-based amplification (NASBA)). Moreover, such reactions may employ a wide variety of amplification 
reagents and enzymes, including DNA ligase, T7 RNA polymerase and/or reverse transcriptase, among others. Addi- 
tionally, denaturation of polynucleotides can be accomplished by known chemical or physical methods, alone or com- 
bined with temperature change. Polynucleotide amplification reactions that may be practiced in the device of the in- 



EP 0 739 240 B1 

, vention include, but are not limited to: (1 ) target polynucleotide amplification methods such as self-sustained sequence 
replication (3SR) and strand-displacement amplification (SDA); (2) methods based on amplification of a signal attached 
to the target polynucleotide, such as "branched chain" DNA amplification (Chiron Corp., Emeryville, CA); (3) methods 
based on amplification or probe DNA, such as llgase chain reaction (LCR) and QB replicase amplification (QBR); (4) 
5 transcription-based methods, such as ligation activated transcription (NASBA) ; and (5) various other amplification 
methods, such as repair chain reaction (RCR) and cycling probe reaction (CPR) (for a summary of these methods and 
their commercial sources, see pp. 2-7 of The Genesis Report . DX, Vol. 3, No. 4, Feb. 1994; Genesis Group. Montclair, 
NJ). 

[0099] The sample preparation device of the invention may be used in conjunction with Mesoscale Polynucleotide 

10 Amplification Devices, which is the subject matter of U.S. Serial No. 08/308,199. 

[0100] Briefly, the last-mentioned patent application relates to mesoscale devices for amplification of a preselected 
polynucleotide in a sample fluid. The devices are provided with a substrate microfabricated to include a polynucleotide 
amplification reaction chamber having at least one cross-sectional dimension of about 0.1 to lOOO^m. 
The device also includes at least one port in fluid communication with the reaction chamber, for introducing a sample 

15 to the chamber, for venting the chamber when necessary, and. optionally, for removing products or waste material from 
the device. The reaction chamber may be provided with reagents required for amplification of a preselected polynu- 
cleotide. The device also may include means for thermally regulating the contents of the reaction chamber, to amplify 
a preselected polynucleotide. Preferably, the reaction chamber is fabricated with a high surface to volume ratio, to 
facilitate thermal regulation. The amplification reaction chamber also may contain a composition which diminishes 

20 inhibition of the amplification reaction by material comprising a wall of the reaction chamber, when such treatment is 
required. 

[0101] Appliances 30, 50, 70 and 90, as shown in Figures 4, 6A, 6B and 7. respectively, may also be utilized to 
deliver metered amounts of sample, reagent buffer and the like, as well as to implement the timed addition of sample 
or other fluids to the devices in connection with the performance of prescribed analytical protocols. 
25 [0102] In those cases where a microprocessor is included in the appliance it may be used to assist in the collection 
of data for one or a series of analyses. 

[0103] Although analyte determination has been described above with particular reference to whole blood as the 
sample fluid, the analyte of interest may be present in test samples or specimens of varying origin, including other 
biological fluids such as whole blood containing anti-coagulants, dilute whole blood, lysed whole blood, whole blood 
30 containing assay reagents, serum, plasma, urine, spemn, cerebrospinal fluid, amniotic fluid, lavage fluids, tissue ex- 
tracts, cell suspensions and any other sample fluid that can be beneficially analyzed using the device and systems 
described herein. 

[0104] Figures 12A-D illustrate various additional embodiments of microfabricated. restricted flow separators which 
may be disposed in the flow passages of the devices described herein. The separator in Figure 12A is in the form of 

35 a plurality of partitions 251 , projecting from opposite surfaces 252a, 252b of channel 253. so as to define a series of 
passageways 254a, 254b, which are aligned longitudinally along the channel. One or more intermediate partitions 255, 
projecting from the bottom of channel 250 may be disposed adjacent the downstream-facing portion of one or more 
of partitions 251. to stand as barriers or baffles within the flow path provided by aligned passageways 253. 
[0105] Sample fluid passing through the relatively narrow passageways 254a. 254b at relatively high speed will tend 

40 to disperse into the space between consecutive partitions, while reducing in speed and moving Into the dead volume 
corners of such space. When sample fluid then passes into the next successive inter-partition space, particulate matter 
may be relatively retained in the dead volume. Thus, for each passage into a subsequent inter-partitlon space, partic- 
ulate matter is progressively retained and sample fluid becomes gradually more purified as it flows downstream through 
the partitions, with a sufficient number of partitions in series, progressive reduction in particle concentration would be 

45 enabled, the efficiency of which could be predetermined. Baffles 255 would assist in directing the sample fluid into the 
dead volume region. 

[0106] In Figure 12C, there is shown a weir-type separator structure formed by barriers 257 projecting up from the 
bottom 258 of channel 250. 

[0107] The separator structure shown in Figures 12C and 12D takes advantage of the propensity of particles to fall 
50 under the influence of gravity. This may be particularly useful in the analysis of whole blood, by promoting the sedi- 
mentation of erythrocytes. The sample fluid passes at high speed over barrier 257, then immediately slows. Any par- 
ticulate matter falling towards the floor of channel 250 will experience a lower supporting velocity and a diminished 
opportunity of being swirted up over the next succeeding barrier. Passage of sample fluid over a series of such barriers 
may progressively reduce particulate concentration and produce gradually more purified sample fluid. One or more 
55 lips 259 suspended from cover plate 260 assists in downwardly directing the sample fluid. 

[0108] The following examples are provided to describe the use of an analytical device to which the sample prepa- 
ration device of the present invention may be attached. 
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EXAMPLE 1 

[01 09] A plastic-silicon composite assay device was fabricated by attaching a plastic (3M transparency sheet) cover 
over a silicon substrate 131, microfabricated with flow channels 132a, 132b having entry ports 133 on opposite sides 
5 of the channel and a central reaction/detection chamber 135, as shown schematically in Figure 8A. A dilution of anti- 
A (in 0.05 M sodium bicarbonate pH 9.6) and a 1 :10 dilution of Type A blood in saline were Introduced via syringe using 
a holder into the entry ports 133 on opposite ends of the channel 132a, 132b. The solutions mixed together in the 
central chamber 135 and agglutination was observed through the plastic cover by light microscopy. The results are 
summarized in the following table. 

10 



ANTI-A 


DILUTION 


AGGLUTINATION IN CHANNEL 


Gamma Kit 


1:20 


+ 


Gamma Murine Mono 


1:20 


+ 


Gamma Human Dilution 


1:5 


+ 


Immucor Affinity pure 


1:100 


+ 


Immucor Ascites 


1:100 


+ 



EXAMPLE 2 

20 

[0110] A solution of mouse IgG (50 ng/mL in 0,05 M sodium bicarbonate pH 9.6) (SIGMA CaL No. 1-5381) and a 1: 
20 dilution of goat anti-mouse IgG (H&L) - fluorescence carboxylate beads (Polysciences, Inc.) in PBS buffer were 
introduced via syringe using a holder into the entry ports on opposite ends of channels 132a, 132b in another assay 
device prepared as described in Example 1, The solutions were mixed together in the reaction/detection chamber 135 
and agglutination was observed through the transparent plastic cover by light microscopy. 



Claims 

1. A device for preparing a test sample, comprising particulate components, for analysis, said device comprising a 
sample flow passage having a sample inlet and an outlet in fluid communication and a separator disposed between 
said inlet and said outlet, said separator having an upstream-facing portion defining a separation zone in said flow 
passage in which said particulate components are collected, and a flow channel in fluid communication with said 
separation zone for affording discharge of collected particulate components from said separation zone, said chan- 
nel having an inlet section for directing a carrier fluid into said separation zone, and a discharge section for directing 
said carrier fluid from over the upstream facing portion of said separator and out of said separation zone, at least 
one of said flow passage and said flow channel sections having at least one mesoscale dimension, said mesoscale 
dimension being a cross-sectional dimension of width or depth which is between 0.1 and 1000 ^m, characterised 
in that the device does not include valves, and characterised in that said inlet section of said flow channel is 
arranged to direct said carrier fluid into said separation zone over said upstream-facing portion of said separator. 

2. The device of claim 1 , wherein said flow passage has at least one mesoscale dimension and said separator com- 
prises a region of restricted flow in said flow passage, said region of restricted flow being formed by at least one 
passageway having at least one mesoscale dimension, which is smaller than the least mesoscale dimension of 
said flow passage and being sufficiently small to separate said particulate components from said test sample, both 
said mesoscale dimensions being a cross-sectional dimension of width or depth which is between 0.1 and lOOOjim. 

3. The device of claim 2, wherein said at least one passageway has at least one bend therein such that at least a 
part of said passageway is generally perpendicular to said flow passage. 

50 

4. The device of claim 1 , wherein said flow passage and said flow channel are formed in a surface of a solid substrate 
and enclosed by a cover adhered to said surface. 

5. The device of claim 4, wherein said separator is in the form of at least one generally upstanding projection of said 
substrate which is disposed in said flow passage and which restricts the flow of test sample along said flow passage. 



6. The device of claim 4, wherein said cover is transparent. 
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7. In combination, the device of claim 1 and an appliance for use with said device, said appliance comprising a holder 
for said device, a test sample input conduit interfitted with the sample inlet of said device and an impellent for 
moving test sample along said flow passage. 

5 8. The combination of claim 7. wherein said appliance further comprises a reservoir for said test sample. 

9. The combination of claim 7, wherein said appliance further comprises a carrier fluid Input conduit interfitted with 
said inlet section of said flow channel and an Impellent for moving canier fluid along said flow channel. 

10 10. The combination of claim 7, wherein said appliance further comprises a reservoir for said carrier fluid. 

11. A system for determining an analyte in a fluid sample, said system comprising a device according to claim 1 and 
an analyte detection device wherein said analyte detection device comprises: 

15 a solid substrate fabricated to define: 

a sample inlet port in fluid communication with the sample outlet of the device of claim 1 ; and a flow system 
comprising: 

^0 an analyte detection region in fluid communication with said sample inlet port, said region containing 

a reagent which interacts with said analyte to yield a detectable product which is determinative of said 
analyte. and a detector for detecting said product. 

12. The system of ciaim 11, which further comprises, in said analyte detection device, a sample flow channel inter- 
25 connecting said inlet port and said analyte detection region, at least one of said analyte detection region and said 

sample flow channel having at least one mesoscale dimension, said mesoscale dimension being a cross-sectional 
dimension of width or depth which is between 0.1 and 1000 ^m. 

13. The system of claim 12. wherein said reagent is a binding substance that binds specifically to said analyte. 

30 

14. The system of claim 13, wherein said analyte is an antigen and said binding substance is an antibody. 

15. The system of claim 13, wherein said analyte is a ligand and said binding substance is a receptor. 

35 16. The system of claim 13, wherein said analyte is a nucleic acid molecule of predetermined sequence and said 
binding substance is a nucleic acid molecule having a sequence complementary or homologous to the sequence 
of said analyte. 

17. The system of claim 11 further comprising a device for performing analysis of preselected polynucleotide derived 
40 from cells, said analysis comprising a polynucleotide amplification reaction, said polynucleotide analysis device 

comprising: 

a solid substrate fabricated to define: 

45 a sample inlet port in fluid communication with the sample outlet of the device of claim 1 ; and a flow system 

comprising: 

a polynucleotide amplification region in fluid communication with said sample inlet port, said polynu- 
cleotide ampliflcation region containing reagents for amplifying a polynucleotide, and lysing means 
50 intermediate the discharge section of the flow channel of said sample preparation device and said 

polynucleotide amplification region for lysing said cells, the discharge section of the flow channel of 
said sample preparation device being in fluid communication with the sample inlet port of said poly- 
nucleotide analysis device. 

55 18. The system of claim 17, which further comprises a sample flow channel in said polynucleotide analysis device 
interconnecting the inlet port of said device and said polynucleotide ampliflcation region at least one of said poly- 
nucleotide amplification region and the sample flow channel connected therewith having at least one mesoscale 
dimension, said mesoscale dimension being a cross-sectional dimension of width or depth which is between 0.1 
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and 1000 nm. 

19. In combination, the system of claim 11 and an appliance for use with said system, said appliance comprising a 
holder for said system, a test sample input conduit interfitted with the sample inlet of said sample preparation 

5 device and an impellent for moving test sample along the flow path of said sample preparation device. 

20. The combination of claim 19, wherein said appliance further comprises a reservoir for said test sample. 

21. In combination, the system of claim 17, and an appliance for use with said system, said appliance comprising a 
10 holder for said system, a test sample input conduit Interfitted with the sample inlet of said sample preparation 

device, and an impellent for moving said test sample along the flow passage of said sample preparation device, 
a carrier fluid input conduit interfitted with said inlet section of the flow channel of said sample preparation device 
and an Impellent for moving the said carrier fluid along said flow channel. 

15 22. The combination of claim 21 , wherein said appliance further comprises a reservoir for said carrier fluid. 

23. The combination of claim 21. wherein said appliance further comprises a detector for detecting a parameter of 
said test sample In said analyte detection device or said polynucleotide analysis device. 

20 24. A system for performing an analysis of preselected polynucleotide derived from cells, said analysis comprising 
polynucleotide amplification, said system comprising a sample preparation device according to claim 1 and a 
device for canning out polynucleotide amplification which comprises: 

a solid substrate fabricated to define: 

25 

a sample inlet port in fluid communication with the sample outlet of the device of claim 1 ; and a flow 
system comprising: 

a polynucleotide amplification region In fluid communication with said inlet port, said polynucleotide 
30 amplification region containing reagents for amplifying a polynucleotide, and a sample flow channel 

interconnecting the inlet port and the polynucleotide amplification region, at least one of said sample 
flow channel and said polynucleotide amplification region having at least one mesoscale dimension, 
said mesoscale dimension being a cross-sectional dimension of width or depth which Is between 0.1 
and 1000 |xm and lysing means in said flow channel upstream of said polynucleotide amplification 
35 region for lysing said cells, the discharge section of the flow channel of said sample preparation device 

being in fluid communication with the sample inlet port of said polynucleotide amplification device. 

Patentanspriiche 

40 

1. Vorrichtung zur Vorbereitung einer partikulare Bestandteile enthaltenden Testprobe fur die Analyse, wobel die 
Vorrichtung einen Probenstromungsdurchgang mit einem Probenelnlali und einem Probenauslali, die in fluldischer 
Verblndung stehen, sowie einem zwischen dem Einlafi und dem Auslali angeordneten Trennelement, wobei das 
Trennelement einen stromaufwarts weisenden Teil, durch den eine Trennzone in dem Stromungsdurchgang defi- 

45 niert ist, in der die partikularen Bestandteile gesammelt werden, sowie einen mit der Trennzone in fluldischer 

Verbindung stehenden Stromungskanal zur Ableitung gesammelter partikularer Bestandteile aus der Trennzone 
aufweist, wobel der Kanal einen Einlaflabschnitt zum Zufuhren einer Tragerflussigkeit in die Trennzone sowie 
einen Ableltungsabschnitt zum Abfuhren der Tragerflussigkeit von uber den stromaufwarts weisenden Teil des 
Trennelements und aus der Trennzone heraus aufweist, wobei von dem Stromungsdurchgang und den Stromungs- 

50 kanalabschnitten wenigstens einer mindestens eine Abmessung im Mesomallstab aufweist, bel der es sich urn 

eine Querschnittsabmessung von entweder Breite oder Tiefe handelt, die zwischen 0,1 ^m und 1000 |im llegt, 
umfal^t. dadurch gekennzeichnet, daft die Vorrichtung keine Ventile enthalt, und dadurch gekennzeichnet, da& 
der EinlaHabschnitt des Strdmungskanals so angeordnet ist, dad die TragerftOssigkeit in die Trennzone Qber den 
stromaufwarts weisenden Teil des Trennelements gefOhrt wird. 

55 

2. Vorrichtung nach Anspruch 1 , wobei der Strdmungsdurchgang mindestens eine Abmessung Im Mesomal^stab 

aufweist und das Trennelement einen Bereich mit eingeschrankter Stromung in dem Stromungsdurchgang umfalit, 
wobei der Bereich mit eingeschrankter Stromung von wenigstens einem Durchgangsweg mit mindestens einer 
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Abmessung im MesomaHstab, die Kleiner ist als die geringste Abmessung im l\^esomalistab des Strdmungsdurch- 
gangs und hinreichend l<lein ist, um die partikularen Bestandteile von der Testprobe zu trennen, wobei es sich bei 
den beiden Abmessungen im MesomaRstab um eine Querschnittsabmessung von entweder Breite oder Tiefe 
handelt. die zwischen 0,1 ^m und 1000 \im liegt. gebildet wird. 

5 

3. Vorrichtung nach Anspruch 2, wobei der wenigstens eine Durchgangsweg wenigstens eine darin liegende Biegung 
aufwelst, so dad wenigstens ein Teil des Durchgangswegs im wesentliclien senlcrecht zum Strdmungskanal steht. 

4. Vorrichtung nach Anspruch 1 , wobei der Stromungsdurchgang und der Stromungsl<anal in einer Oberflache eines 
10 festen Substrats gebildet werden und von einer an der OberftSlche haftenden Abdeckung umschlossen sind. 

5. Vorrichtung nach Anspruch 4, wobei das Trennelement in Form wenigstens eines im wesentlichen aufrechten 
Vorsprungs des Substrats voriiegt, das in dem Stromungsdurchgang angeordnet Ist und der den FlulX der Testprobe 
den Stromungsdurchgang entlang einschrankt. 

15 

6. Vorrichtung nach Anspruch 4, wobei die Abdeckung durchsichtig Ist. 

7. Vorrichtung nach Anspruch 1 in Kombination mit einem GerSt zur Verwendung mit der Vorrichtung, wobei das 
Gerat einen Halter fur die Vorrichtung, eine mit dem Probeneinlafi der Vorrichtung zusammengepasste Leitung 

20 zum Einbringen der Testprobe sowie ein Antriebselement zum Bewegen der Testprobe den Stromungsdurchgang 

entlang umfaflt. 

8. Kombination nach Anspruch 7, wobei das Gerat weiterhin einen Vorratsbehditer fur die Testprobe umfalit. 

25 9. Kombination nach Anspruch 7, wobei das Gerat weiterhin eine mit dem Einlafiabschnitt des Stromungskanals 
zusammengepasste Leitung zum Einbringen der Tragerfliissigkeit sowie ein Antriebselement zum Bewegen der 
Tragerflussigkeit den Strdmungskanal entlang umfaHt. 

10. Kombination nach Anspruch 7, wobei das Gerat weiterhin einen Vorratsbehalter fur die Tragerflussigkeit umfaflt. 

30 

11. System zur Bestimmung eines Analyten in einer Flussigkeitsprobe, wobei das System eine Vorrichtung nach An- 
spruch 1 sowie eine Analytnachweisvorrichtung umfaRt, die 

ein zur Definition 

einer Probeneinfafioffnung in fluidischer Verbindung mit dem Probenauslali der Vomchtung nach Anspruch 1 und 
35 eines Stromungssystems, das 

einen Analytnachweisbereich In fluidischer Verbindung mit der ProbeneinlaBQffnung, wobei der Berelch ein Rea- 
genz, das mit dem Analyten unter Erhalt eines nachweisbaren Produkts, durch das der Analyt festgelegt ist, wech- 
selwirkt, enthalt, und einen Detektor zum Nachweis des Produkts umfafit, hergestelltes festes Substrat umfalit. 

40 12. System nach Anspruch 11 , in dem weiterhin die Analytnachweisvorrichtung einen die Einlalioffnung und den Ana- 
lytnachweisbereich verbindenden Probenstromungskanal enthalt, wobei entweder der Analytnachweisbereich 
Oder der Probenstromungskanal oder belde mindestens eine Abmessung im Mesomallstab aufweisen, bei der es 
sich um eine Querschnittsabmessung von entweder Breite Oder Tiefe handelt, die zwischen 0,1 ^m und 1000 ^m 
liegt. 

45 

13. System nach Anspruch 12, wobei es sich bei dem Reagenz um eine spezifisch an den Analyten bindende Bin- 
dungssubstanz handelt. 

14. System nach Anspruch 13, wobei es sich bei dem Analyten um ein Antigen und bei der Bindungssubstanz um 
50 einen Antikorper handelt. 

15. System nach Anspruch 13, wobei es sich bei dem Analyten um einen Liganden und bei der Bindungssubstanz 
um einen Rezeptor handelt. 

55 16. System nach Anspruch 13, wobei es sich bei dem Analyten um ein Nukleinsauremolekul einer vorgegebenen 
Sequenz und bei der Bindungssubstanz um ein Nukleinsauremolekul mit einer zur Sequenz des Analyten kom- 
plementaren oder homologen Sequenz handelt. 
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, 17. System nach Anspruch 11, das weiterhin eine Vorrichtung zur Durchfiihrung der Analyse eines aus Zellen stam- 
menden vorgewahlten Polynukleotids umfaKt, wobei die Analyse eine Polynukieotidamplifikationsreaktion umfaUt 
und die Polynukleotidanalysevorrichtung 
ein zur Definition 

einer Probeneinladoffnung in fluidischer Verbindung mit dem Probenauslali der Vonrichtung nach Anspruch 1 und 
eines Stromungssystems, das 

einen Polynukleotidamptifikationsbereich in fluidischer Verbindung mit der Probeneinladdffnung, wobei der Poty- 
nukleotidamplifikationsbereich Reagentien zur Amplifikatlon eines Polynukleotids enthalt, und zwischen dem Ab- 
leitungsabschnitt des Stromungskanals der Probenvorbereitungsvorrichtung und dem Polynukleotidamplifikati- 
onsberelch befindliche Lysemittel zur Lyse der Zellen umfallt, wobei der Ableitungsabschnitt des Stromungskanals 
der Probenvorbereitungsvorrichtung in fluidischer Verbindung mit der Probeneinla(i6ffnung der Polynukleotidana- 
lysevorrichtung steht, 
hergestelltes festes Substrat umfafit. 

18. System nach Anspruch 17, in dem weiterhin die Polynukleotidanalysevorrichtung einen die Einlafloffnung der 
Vorrichtung und den Polynukleotidamplifikationsbereich verbindenden Probenstromungskanal enthalt, wobei ent- 
weder der Polynukleotidamplifikationsbereich oder der damit verbundene Probenstromungskanal oder beide min- 
destens eine Abmessung im Mesomalistab aufweisen, bei der es sich um eine Querschnittsabmessung von ent- 
weder Breite oder Tiefe handelt, die zwischen 0,1 ^m und 1000 ^m llegt. 

19. System nach Anspruch 11 in Komblnation mit einem Gerat zur Ven^^endung mit dem System, wobei das Gerat 
einen Halter fOr die Vorrichtung, eine mit dem Probeneinlall der Probenvorbereitungsvorrichtung zusammenge- 
passte Leitung zum Einbringen der Testprobe sowie ein Antriebselement zum Bewegen der Testprobe den Stro- 
mungsweg der Probenvorbereitungsvorrichtung entlang umfaflt. 

20. Kombination nach Anspruch 19, wobei das Gerat weiterhin einen Vorratsbehalter fur die Testprobe umfaflt. 

21. System nach Anspruch 17 in Kombination mit einem Gerat zur Verwendung mit dem System, wobei das Gerat 
einen Halter fur das System, eine mit dem Probeneinlali der Probenvorbereitungsvorrichtung zusammengepasste 
Leitung zum Einbringen der Testprobe und ein Antriebselement zum Bewegen der Testprobe den Stromungs- 
durchgang der Probenvorbereitungsvorrichtung entlang, eine mit dem Einlaliabschnitt des Stromungskanals der 
Probenvorbereitungsvorrichtung zusammengepasste Leitung zum Einbringen der Tragerflussigkeit sowie ein An- 
triebselement zum Bewegen der Trdgerflussigkeit den Strdmungskanal entlang umfafit. 

22. Kombination nach Anspruch 21 , wobei das Gerat weiterhin einen Vorratsbehalter fur die Tragerflussigkeit umfaHt. 

23. Kombination nach Anspruch 21, wobei das Gerat weiterhin einen Detektor zum Nachweis eines Parameters der 
Testprobe in der Analytnachweisvorrichtung oder der Polynukleotidanalysevorrichtung umfalit. 

24. System zur Durchfuhrung einer Analyse eines aus Zellen stammenden vorgewahlten Polynukleotids, wobei die 
Analyse eine Polynukleotidamplifikationsreaktion umfalit, wobei das System eine Probenvorbereitungsvorrichtung 
nach Anspruch 1 sowie eine Vorrichtung zur Durchfuhrung einer Polynukleotidamplifikation umfaUt, die 

ein zur Definition 

einer Probeneinlalioffnung in fluidischer Verbindung mit dem Probenauslafl der Vorrichtung nach Anspruch 1 und 
eines Strdmungssystems, das 

einen Polynukleotidamplifikationsbereich in fluidischer Verbindung mit der Einlafioffnung, wobei der Polynukleo- 
tidamplifikationsbereich Reagentien zur Amplifikation eines Polynukleotids enthalt, und einen die Einlafloffnung 
und den Polynukleotidamplifikationsbereich verbindenden Probenstromungskanal enthalt, wobei entweder der 
Probenstromungskanal oder der Polynukleotidamplifikationsbereich oder beide mindestens eine Abmessung im 
Mesomalistab aufweisen, bei der es sich um eine Querschnittsabmessung von entweder Breite oder Tiefe handelt, 
die zwischen 0,1 |xm und 1000 \i\r\ liegt, sowie in dem Stromungskanal stromaufwarts von dem Polynukleotidam- 
plifikationsbereich befindliche Lysemittel zur Lyse der Zellen umfalit, wobei der Ableitungsabschnitt des Stro- 
mungskanals der Probenvorbereitungsvorrichtung in fluidischer Verbindung mit der Probeneinlafidffnung der 
Polynukleotidamplifikatlonsvorrichtung steht, hergestelltes festes Substrat umfalit. 
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Revendications 

• 

1 . Dispositif pour la preparation d'un 6chantilion pour essal, comprenant des composants particulaires, pour I'analyse, 
ledit dispositif comprenant un passage pour d^bit d'6chantillon ayant une entree d'6chantillon et une sortie en 

5 communication fluide et un separateur dispose entre ladite entree et ladite sortie, ledit s6parateur ayant une partie 

ascendante faisant face d6finissant une zone de separation dans ledit passage pour debit dans lequel lesdits 
composants particulaires sont r6colt6s et un canal en communication fluide avec ladite zone de separation pour 
pouvoir decharger tes composants particulaires recoltes de ladite zone de separation, ledit canal ayant une section 
d'entree pour diriger un fluide de transport dans ladite zone de separation, de dessus la partie ascendante faisant 

10 face dudit separateur et une section de decharge pour diriger ledit fluide de transport en dehors de ladite zone de 

separation, au moins une de ladite section de passage pour debit et de ladite section de canal pour debit ayant 
au moins une dimension de mesoechelle, ladite dimension de mesoechelle 6tant une dimension transversale de 
largeur ou de profondeur qui est entre 0,1 et 1000 fim, caracterise en ce que le dispositif n'inclut pas de valves 
et caracterise en ce que ladite section d'entree dudit canal pour debit est disposee pour diriger ledit fluide de 

15 transport dans ladite zone de separation sur la partie ascendante faisant face dudit separateur. 

2. Dispositif selon la revendication 1 , dans lequel ledit passage pour debit a au moins une dimension de mesoechelle 
et ledit separateur comprend une region de debit restrelnt dans ledit passage pour debit, ladite region de debit 
restreint etant formee par au moins une voie de passage ayant au moins une dimension de mesoechelle, qui est 

20 plus petite que I'au moins une dimension de mesoechelle dudit passage pour debit et qui est suffisamment petite 

pour separer lesdits composants particulaires dudit echantillon pour essai, les deux dimensions de mesoechelle 
etant une dimension transversale de largeur ou de profondeur qui est entre 0,1 et 1000 ^m. 

3. Dispositif selon la revendication 2, dans lequel iadite au moins une voie de passage a au moins un coude de sorte 
25 qu'au moins une partie de ladite voie de passage est generatement perpendiculaire audit passage pour debit. 

4. Dispositif selon la revendication 1 , dans lequel ledit passage pour debit et ledit canal pour debit sont formes dans 
une surface d'un substrat solide et enfennes par un couvercle qui adhere e ladite surface. 

30 5. Dispositif selon la revendication 4, dans lequel ledit separateur est sous la forme d'au moins une projection gene- 
ralement droite dudit substrat qui est dispose dans ledit passage pour debit et qui restreint le debit de rechantillon 
pour essai le long dudit passage pour debit. 

6. Dispositif selon la revendication 4, dans lequel ledit couvercle est transparent. 

35 

7. Combinaison du dispositif selon la revendication 1 et d'un appareil pour I'utilisation avec ledit dispositif, ledit ap- 
pareil comprenant un support pour ledit dispositif, un conduit d'entree d'echantillon pour essai adapte a I'entree 
de rechantillon dudit dispositif et un dispositif pour mettre en mouvement rechantillon pour essai le long dudit 
passage pour debit. 

40 

8. Combinaison selon la revendication 7, dans laquelle ledit appareil comprend en outre un reservoir pour ledit echan- 
tillon pour essal. 

9. Combinaison selon la revendication 7, dans laquelle ledit appareil comprend en outre un conduit d'entree du fluide 
45 de transport adapte a ladite section d'entree dudit canal et un dispositif pour mettre en mouvement ie fluide de 

transport le long dudit canal. 

10. Combinaison selon la revendication 7, dans laquelle ledit appareil comprend en outre un reservoir pour ledit fluide 
de transport. 

50 

11. Systeme pour la determination d'un analyte dans un echantillon fluide, ledit systeme comprenant un dispositif 
selon la revendication 1 et un dispositif de detection d'analyte dans lequel ledit dispositif de detection d'analyte 
comprend : 

55 un substrat solide fabrique pour definir : 

un orifice d'entree d'echantillon en communication fluide avec la sortie de rechantillon du dispositif selon 
la revendication 1 ; et un systeme de debit comprenant : une region de detection d'analyte en communi- 
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cation fluide avec ledit orifice d*entr6e de I'^chantillon. ladlte region contenant un r^actif qui interagit avec 
ledit analyte pour donner un produit detectable qui est determinant dudit analyte et un detecteur pour 
detecter ledit produit. 

5 12. Systeme selon la revendication 11, qui comprend en outre, dans ledit dispositif de detection d'analyte, un canal 
d'^chantillon interconnectant ledit orifice d'entree et ladite region de detection d'analyte, au moins un de la dite 
region de detection de Tanalyte et dudit canal d'echantillon ayant au moins une dimension de mesoechelle, ladite 
dimension de mesoechelle etant une dimension transversale de largeur ou de profondeurqui est entre 0,1 et 1000 
urn. 

10 

13. Systeme selon la revendication 12, dans lequel ledit reactif est une substance de liaison qui se lie specifiquement 
audit analyte. 

14. Systeme selon la revendication 13, dans lequel ledit analyte est un antigene et ladite substance de liaison est un 
15 anticorps. 

15. Systeme selon la revendication 13, dans lequel ledit analyte est un llgand et ladite substance de liaison est un 
recepteur. 

20 16. Systeme selon la revendication 13, dans lequel ledit analyte est une molecule d'aclde nucleique de sequence 
predeterminee et ladite substance de liaison est une molecule d'acide nucleique ayant une sequence compiemen- 
taire ou homologue a la sequence dudit analyte. 

17. Systeme selon la revendication 11 comprenant en outre un dispositif pour effectuer I'analyse de polynucleotide 
25 preseiectionne derive de cellules, ladite analyse comprenant une reaction d'amplification de polynucleotide, ledit 

dispositif d'analyse de polynucleotide comprenant : 

un substrat solide fabrique pour definir : 

30 un orifice d'entree d'echantillon en communication fluide avec la sortie d'echantillon du dispositif selon la 

revendication 1 ; et un systeme de debit comprenant : 

une region d'amplification de polynucleotide en communication fluide avec ledit orifice d'entree 
d'echantillon, ladite region d'amplification de polynucleotide contenant des reactifs pour amplifier un 
35 polynucleotide, et des moyens de lyse intermediaires a la section de decharge du canal pour debit 

dudit dispositif de preparation d'echantillon et ladite region d'amplification de polynucleotide pour lyser 
lesdites cellules, la section de decharge du canal dudit dispositif de preparation de Techantillon etant 
en communication fluide avec I'orifice d'entree de rechantillon dudit dispositif d'analyse de polynu- 
cleotide. 

40 

18. Systeme selon la revendication 17, qui comprend en outre un canal pour debit d'echantillon dans ledit dispositif 
d'analyse de polynucleotide interconnectant I'orifice d'entree dudit dispositif et ladite region d'amplification de po- 
lynuceiotide au moins une de ladite region d'amplification de polynucleotide et dudit canal d'echantillon connecte 
avec lui ayant au moins une dimension de mesoechelle, ladite dimension de mesoechelle etant une dimension 

45 transversale de largeur ou profondeur qui est entre 0,1 et 1000 |xm. 

19. Combinaison du systeme selon la revendication 11 et d'un appareil pour I'utilisation avec ledit systeme, ledit ap- 
pareil comprenant un support pour ledit systeme, un conduit d'entree d'echantillon adapte d I'entree d'echantillon 
pour essai dudit dispositif de preparation d'echantillon et un dispositif pour mettre en mouvement rechantillon pour 

50 essai le long du passage pour debit dudit dispositif de preparation d'echantillon. 

20. Combinaison selon la revendication 19, dans laquelle ledit appareil comprend en outre un reservoir pour ledit 
echantillon pour essai. 

55 21. Combinaison du systeme selon la revendication 17 et d'un appareil pour I'utilisation avec ledit systeme, ledit ap- 
pareil comprenant un support pour ledit systeme, un conduit d'entree d'echantillon pour essai adapte e I'entree 
d'echantillon dudit dispositif de preparation d'echantillon et un dispositif pour mettre en mouvement ledit echantillon 
pour essai le long du passage pour debit dudit dispositif de preparation d'echantillon. un conduit d'entree de fluide 
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. , de transport adapts d ladite section d'entr6e du canal dudit dispositif de preparation d'^chantiilon et un dispositif 
pour mettre en mouvement ledit fluide de transport le long dudit canal. 

22. Comblnaison selon la revendication 21. dans laquelle ledit apparell comprend en outre un reservoir pour ledit 
5 fluide de transport. 

23. Comblnaison selon la revendication 21 , dans laquelle ledit apparell comprend en outre un d^tecteur pour d6tecter 
un parametre dudit ^chantillon pour essai dans ledit dispositif de detection d'analyte ou dudit dispositif d'analyse 
du polynucleotide. 

10 

24. Syst^me pour effectuer une analyse de polynucleotide pr6selectionn6 derive de cellules, ladite analyse compre- 
nant ramplification du polynucleotide, ledit systeme comprenant un dispositif de preparation d'echantillon selon la 
revendication 1 et un dispositif pour effectuer ramplification de polynucleotide qui comprend : 

15 un substrat solide fabrique pour definir : 

un orifice d'entree d'echantillon en communication fluide avec la sortie d'echantillon du dispositif selon la 
revendication 1 ; et un systeme de debit comprenant : 

20 une region d'amplification de polynucleotide en communication fluide avec ledit orifice d'entree. ladite 

region d'amplification de polynucleotide contenant des reactifs pour amplifier un polynucleotide, et 
un canal d'echantillon interconnectant rorifice d'entree et la r6gion d'amplification de polynucleotide, 
au moins un dudit canal d'echantillon et de ladite region d'amplification du polynucleotide ayant au 
moins une dimension de mesoechelle. ladite dimension de mesoechelle etant une dimension trans- 

25 versale de largeur ou de profondeur qui est entre 0,1 et 1000 |xm et des moyens de lyse dans ledit 

canal pour debit en amont de ladite region d'amplification de polynucleotide pour lyser lesdites cel- 
lules, la section de decharge du canal pour debit dudit dispositif de preparation d'echantillon etant en 
communication fluide avec rorifice d'entree d'echantillon dudit dispositif d'amplification de polynucleo- 
tide. 

30 
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FIG. 9B FI6.9C 
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FIG. IOC FI6.10D 
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FIG. IIA 
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